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Description 

The present invention relates to hydraulic cir- 
cuits for the power-shift operation of clutches for 
tractor gearboxes, in which the clutches have re- 
spective friction discs and respective hydraulic ac- 
tuators connected to supply and exhaust means by 
respective valve units operated by electronically- 
controlled piloting means for engaging and dis- 
engaging the clutches in combination in order to 
change gear ratios without interrupting the trans- 
mission of torque. 

In particular, the invention is concerned with an 
operating circuit of this type in which the valve 
units include respective electronically-controlled 
on-off valves, respective sequence valves piloted 
by the pressures in the respective actuators, and 
an electronically-controlled proportional pressure- 
reduction valve for supplying the clutch to be en- 
gaged according to a predetermined sequence. 

DE-C-38 11 615 shows a hydraulic circuit for 
operating a plurality of clutches of a gearbox. This 
known circuit has a single pump connected to a 
clutch control valve through a single supply line. A 
pressure regulating unit is connected to the supply 
line to reduce the pressure and disengage the 
clutches before effecting a change of the transmis- 
sion ratio. 

EP-A-0 235 892 discloses a method of operat- 
ing clutches of a vehicle transmission provided with 
electrically-operated fluid valves which are individ- 
ually controlled to direct fluid pressure to respec- 
tive clutches. 

A control circuit according to the preamble of 
Claim 1 is known from EP-A-0 315 596, which 
shows a circuit including two separate pumps for 
low and high pressures respectively, of which the 
former is connected to the clutch actuators through 
respective first sequence valves. The high-pressure 
pump is connected to the clutch actuators by a first 
line through respective electronically-controlled on- 
off valves which control communication between 
the first sequence valves and an exhaust line. The 
electronically-controlled proportional pressure-re- 
duction valve which pilots the first sequence valves 
is in the first line. A second line connects the high- 
pressure pump to the clutch actuators through the 
sequence valves which are piloted by the pres- 
sures in the actuators. 

With this arrangement, the sequence for the 
supply of the clutch to be engaged provides for an 
initial stage in which the friction discs are brought 
together by a fairly low supply pressure, followed 
by a progressive increase in pressure up to the 
working pressure which is then maintained. 

The circuit according to the present invention 
constitutes an improvement of that known from EP- 
A-315596 and its object, in particular, is to simplify 



the known circuit by reducing its components, thus 
making it cheaper and at the same time more 
compact and less bulky. 

A further object of the invention is to improve 
5 the functional efficiency of the circuit, particularly 
as regards the initial stage of the operation of the 
clutch to be engaged. 

According to the invention, these objects are 
achieved by virtue of the fact that the supply and 

io exhaust means include a single hydraulic pump 
connected by a first delivery line to the electron- 
ically-controlled on-off valves through the electron- 
cially-controlled proportional pressure-reduction 
valve and respective one-way valves, the pump 

75 being connected directly by a second delivery line 
to the sequence valves which are piloted by the 
pressures in the respective actuators, and an ex- 
haust line connected directly to the on/off valves, 
and in that the predetermined sequence followed 

20 by the proportional pressure-reduction valve for 
supplying the clutch to be engaged provides for an 
initial stage in which the friction discs of the clutch 
are brought together rapidly by a pressure of the 
order of 18 bars, followed by a first intermediate 

25 stage in which this movement together is main- 
tained by a pressure of the order of 3 bars, a 
second intermediate stage in which the pressure is 
modulated between 3 bars and a working pressure 
of the order of 20 bars, and a final stage of main- 

30 taining the working pressure, in which the actuator 
is supplied by the respective sequence valve and 
the respective one-way valve interrupts the com- 
munication between the actuator and the electron- 
ically-controlled proportional pressure-reduction 

35 valve. 

Compared with the circuit known from EP-A- 
315596, the circuit according to the invention thus 
uses a single pump and does not need sequence 
valves piloted by the proportional pressure-reduc- 
40 tion valve. This makes the circuit simpler, cheaper 
and less bulky and also saves energy because 
there is less hydraulic fluid in circulation. Moreover, 
the initial stage in which the friction discs of the 
clutch to be engaged are brought together rapidly 
45 at a high pressure close to the final working pres- 
sure improves the operation of the clutches. 

The invention will now be described in detail 
with reference to the appended drawings provided 
purely by way of non-limiting example, in which: 
50 Figure 1 shows the layout of a hydraulic operat- 
ing circuit according to the invention, and 
Figure 2 is a graph showing the way in which 
the circuit operates during a modulated change- 
over of two clutches. 
55 Figure 1 shows the layout of a circuit for op- 

erating a series of power-shift friction clutches for 
tractor gearboxes. The embodiment illustrated re- 
lates to a gearbox with two units each having three 
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gear ratios and hence three clutch units with re- 
spective valve members, indicated 1a, 2a, 3a and 
1b, 2b, 3b, respectively. 

The general characteristics of the clutches are 
generally known and will not therefore be de- 
scribed in detail. Moreover, the units 1a, 2a, 3a and 
1b, 2b, are identical so the following description 
relating to the unit 1a also applies to the other units 
except for the unit 3b whose characteristics will be 
described below. 

For the purposes of the present invention, it 
suffices to say that the clutch of each unit includes, 
in known manner, respective friction discs, not 
shown, cooperating with a hydraulic actuator which 
engages and disengages the clutch and the thrust 
chamber of which is indicated 2. 

A single hydraulic pump 3 is provided for sup- 
plying the thrust chamber 2 and is connected to 
the five units 1a-2b by a first delivery line 7. A 
supply line 5 supplies the lubrication circuit 6 of 
the tractor gearbox and a supply line 22 supplies a 
unit for operating the main clutch 12 of the tractor 
from the other. 

The pump 3 also supplies, at a pressure of the 
order of 20 bars, a second delivery line 4 of which 
one end is connected to the other hydraulic units 
normally fitted to the tractor and, in particular, to a 
unit 9 for operating the power take-off, a unit 10 for 
engaging and disengaging the four-wheel drive, 
and two units 11 for locking and unlocking the 
differentials. 

A branch 8 from the other end of the high- 
pressure delivery line 4 is connected to the thrust 
chamber 2 of each actuator through respective 
sequence valves 15 which are piloted hydraulically 
by the pressures in the chambers 2 through re- 
spective piloting lines 16. 

An electronically-controlled, proportional pres- 
sure-reduction solenoid valve 20 is connected in 
the supply line 7 in which the pressure is normally 
between 3 and 18 bars, upstream of the connection 
of that line to the six units 1a-3b, and is arranged 
to define the predetermined modulation slopes for 
the various clutches in the manner explained be- 
low. 

Downstream of the proportional pressure-re- 
duction solenoid valve, the line 7 is connected to 
the thrust chambers 2 through respective on-off 
solenoid valves 18 which, in the de-energised con- 
dition, connect the thrust chambers 2 to an exhaust 
line 19. This applies to all six units except the unit 
3b. 

A one-way valve 21 is connected between 
each on-off valve 18 and the proportional valve 20 
for preventing a back-flow towards the proportional 
valve 20. 

As will be clear from the following, the propor- 
tional pressure-reduction valve 20 enables several 



clutches to be modulated simultaneously, the ac- 
tuators of the clutches to be engaged being sup- 
plied progressively in dependence on the pres- 
sures reached in the thrust chambers 2 of the 

5 actuators and in a sequence which provides for 
four successive stages in which the friction discs 
are brought together, in which this movement to- 
gether is maintained, in which the pressure is mod- 
ulated up to the working pressure, and in which the 

10 working pressure is maintained, respectively. This 
sequence is performed once the preselected 
clutches have been activated by the respective on- 
off valves 18 so that the modulated change-over 
can be effected for several clutches simultaneous- 

75 ly. 

The proportional pressure-reduction valve 20 is 
controlled electronically by a generally convention- 
al processing unit, not shown in the drawings, by 
means of which the engagement and disengage- 

20 ment sequences are piloted by the valve 20 ac- 
cording to time/pressure calibrations which depend 
on the operating conditions of the tractor. These 
operating conditions, which are detected by con- 
ventional sensors, not shown, and are transformed 

25 into electrical signals sent to the electronic control 
unit, are essentially the following: 

- the starting gear ratio and the gear ratio to be 
attained, 

- the speed of the tractor, 

30 - the rate of rotation of the engine, 

- the temperature of the oil in the gearbox, 

- the loading conditions of the machine, 

- the permitted degrees of comfort and wear, 

- the working range and direction. 

35 The sequence will now be described below in 

relation to the clutch unit 1a and with reference to 
the graph of Figure 2. 

The bringing together of the friction discs 

40 

Upon a command to engage the clutch given 
manually by the operator of the tractor, the elec- 
tronic unit simultaneously activates the on-off sole- 
noid valve 18 in question and starts the modulation 

45 of the proportional solenoid valve 20. During this 
stage, the proportional valve 20 reaches the maxi- 
mum position envisaged for bringing the friction 
discs together, which corresponds to a pressure of 
the order of 18 bars and is close to the final 

so working pressure of the clutch. The supply pres- 
sure of 18 bars, which is supplied for about 0.1 
sec, brings the friction discs together rapidly. This 
stage is represented by the letter A in the graph of 
Figure 2, in which the line F is a pressure/time 

55 curve for the clutch unit during its engagement, 
whilst the line G is a curve for the clutch unit which 
is simultaneously disengaged. 
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At the end of the bringing-together stage, the 
pressure is kept at a value of 3 bars for a period of 
0.1 sec. This stage is indicated B in the graph of 
Figure 2. 

Modulation slope 

At the end of the stages in which the friction 
discs are brought together and in which this move- 
ment together is maintained, the electronic unit 
operates the proportional valve 20 to impose a 
predetermined modulation slope in dependence on 
the processing parameters of the unit. This stage, 
which is represented by the portion C of the curve 
F of Figure 2, is regulated by the electronic pro- 
cessing unit and ends when the input and output 
shafts associated with the clutch are synchronised 
at the same speed of rotation. 

The attainment and maintenance of the working 
pressure 

At the end of the stage C, the electronic control 
unit operates the proportional valve 20 again, in- 
creasing the pressure so as to open the sequence 
valve 15 which is piloted by the line 16 and to put 
the delivery line 8 into communication with the 
chamber of the actuator 2. Since the pressure in 
the line 8 is greater than that achieved by the 
proportional valve 20 in the delivery line 7, the non- 
return valve 21 is closed. In this situation, the 
pressure in the line 7 can be varied at will by the 
electronic unit by means of the proportional valve 
20 in order simultaneously to engage clutch units 
1a-3b. 

This stage is represented by the portion D of 
the curve F of Figure 2. 

As stated, the line G is the pressure/time curve 
of the disengagement of one of the other clutch 
units which is achieved simultaneously with the 
engagement of the preselected clutch unit de- 
scribed above. The disengagement stage provides 
for the corresponding on-off solenoid valve 18 to 
be switched to the position in which the exhaust 
line 19 is open, causing a drop in pressure which 
switches the sequence valve 15 so as to cut off 
communication between the line 8 and the thrust 
chamber 2. 

In this condition, the proportional valve 20 is 
disconnected from the circuit of the disengaged 
clutch unit and can thus operate to engage the 
other clutches. 

It is clear from the foregoing that the single 
proportional pressure-reduction valve 20 enables 
several clutches to be modulated simultaneously, 
whilst the pressure on the remaining clutches re- 
mains unchanged, so that the engage- 
ment/disengagement change-over of gear ratios 



can be achieved in the manner shown in Figure 2 
with several clutches engaged. 

The clutch 3b differs from the clutches 1a-2b in 
that it is of the normally-engaged type. When there 

5 is no pressure in the thrust chamber of its actuator 
2, the friction discs of the clutch are pressed 
against the opposing discs by thrust springs in a 
conventional manner; in these conditions, the 
clutch 3b can transmit the maximum torque. 

10 When the clutch is to be disengaged, therefore, 

the chamber of its actuator 2 must be supplied with 
hydraulic fluid to produce a pressure which can 
overcome the force generated by the thrust springs 
and disengage the clutch. Hence, in order to make 

is the engagement of the clutch smooth and gradual, 
the modulation must be effected at the stage when 
the pressure is decreasing. 

With reference again to Figure 1 , the actuator 2 
of the clutch 3b is connected to the supply line 7 

20 (and hence to the proportional pressure-reduction 
valve 20) through a sequence valve 31 which is 
similar to the sequence valves 15 but is normally 
open to the exhaust line 19. An electronically- 
controlled on-off valve 30 similar to the on-off 

25 valves 18 controls communication between the 
thrust chamber 2 of the actuator 3b and the deliv- 
ery line 8. 

The stages of the operation of the clutch 3b 
are the same as those described in EP-A-315596. 
30 Naturally, the details of construction and forms 

of embodiment may be varied widely with respect 
to those described and illustrated, without thereby 
departing from the scope of the present invention 
as defined in the claims. 

35 

Claims 

1. A hydraulic circuit for the power-shift operation 
of clutches for tractor gearboxes, in which the 

40 clutches have respective friction discs and re- 

spective hydraulic , actuators (2) connected to 
supply and exhaust means by respective valve 
units (1a-3b) operated by electronically-con- 
trolled piloting means for engaging and dis- 

45 engaging the clutches in combination in order 

to change gear ratios without interrupting the 
transmission of torque, and in which the valve 
units include respective electronically-con- 
trolled on-off valves (18), respective sequence 

50 valves (15) piloted by the pressures in the 

respective actuators, and an electronically-con- 
trolled proportional pressure-reduction valve 
(20) for supplying the clutch to be engaged 
according to a predetermined sequence, 

55 characterised in that the supply and exhaust 

means include: 

- a single hydraulic pump (3) connected 
by a first delivery line (7) to the on-off 



4 



7 



EP 0 479 737 B1 



8 



valves (18) through the proportional pres- 
sure-reduction valve (20) and respective 
one-way valves (21), the pump (3) being 
connected directly by a second delivery 
line (8) to the sequence valves (15) 
which are piloted by the pressures in the 
respective actuators, and 
- an exhaust line (19) connected directly to 
the on/off valves (18), 
and in that the predetermined sequence fol- 
lowed by the proportional pressure-reduction 
valve (20) for supplying the clutch to be en- 
gaged provides for an initial stage (A) in which 
the friction discs of the clutch are brought 
together rapidly by a pressure of the order of 
18 bars, followed by a first intermediate stage 
(B) in which this movement together is main- 
tained by a pressure of the order of 3 bars, a 
second intermediate stage (C) in which the 
pressure is modulated between 3 bars and a 
working pressure of the order of 20 bars, and a 
final stage (D) of maintaining the working pres- 
sure, in which the actuator is supplied by the 
respective sequence valve (15) and the re- 
spective one-way valve (21) interrupts the 
communication between the actuator and the 
electronically-controlled proportional pressure- 
reduction valve (20). 

2. A circuit according to Claim 1 in which at least 
one of the friction clutches (3b) is of the type 
which is normally engaged when there is no 
pressure in its actuator (2), characterised in 
that that actuator (2) is connected to the first 
delivery line (7) through a sequence valve (31) 
and an on-off valve (30) which controls com- 
munication between the actuator (2) and the 
second delivery line (8). 

PatentansprUche 

1. Hydraulikkreis zur Betatigung von Lastschalt- 
kupplungen fur Zugmaschinengetriebe, bei de- 
nen die Kupplungen jeweils Reibscheiben und 
hydraulische Betatigungsglieder (2) aufweisen, 
die tiber entsprechende Ventileinheiten (1a-3b) 
an eine Versorgungs- und AbfluSeinrichtung 
angeschlossen sind, wobei die Ventileinheiten 
von elektronisch gesteuerten Steuereinheiten 
betatigt sind, urn die Kupplungen in Kombina- 
tion ein- und auszukuppeln, urn die Uberset- 
zungsverhaltnisse zu verandern ohne die Dreh- 
momentlibertragung zu unterbrechen, und bei 
denen die Ventileinheiten jeweils elektronisch 
gesteuerte Ein-Aus-Ventile (18), von den Drlik- 
ken in den jeweiligen BetStigungsgliedern ge- 
steuerte Arbeitsfolgeventile (15) und ein elek- 
tronisch gesteuertes proportionales Druckredu- 



zierventil (20) umfassen, um die Kupplung zu 
versorgen, sodaB sie in einer vorgegebenen 
Abfolge einkuppelt, dadurch gekennzeichnet, 
daB die Versorgungs- und AbfluSeinrichtung 
5 umfaBt: 

- eine einzige Hydaulikpumpe (3), die 
durch eine erste Versorgungsleitung (7) 
liber das proportionate Druckreduzierven- 
til (20) und jeweils Einwegventile (21) an 

70 die Ein-Aus-Ventile (18) angeschlossen 

ist, wobei die Pumpe (3) liber eine zwei- 
te Versorgungsleitung (8) direkt an die 
Arbeitsfolgeventile (1 5) angeschlossen 
ist, die durch die DrUcke in den jeweili- 

75 gen Betatigungsgliedern gesteuert sind, 

und 

- eine direkt an die Ein-Aus-Ventile (18) 
angeschlossene AbfluBleitung (19), 

und daB die vorgegebene Abfolge, der vom 

20 proportionalen Druckreduzierventil (20) gefolgt 

wird, um die Kupplung zum Einkuppeln zu 
versorgen, eine Anfangsphase (A) aufweist, in 
der die Reibscheiben der Kupplung durch ei- 
nen Druck in der GroBenordnung von 18 bar 

25 rasch zusammengebracht werden, gefolgt von 

einer ersten Zwischenphase (B), in der diese 
Zusammenbewegung durch einen Druck in der 
GroBenordnung von 3 bar aufrechterhalten 
wird, einer zweiten Zwischenphase (C), in der 

30 der Druck zwischen 3 bar und einem Arbeits- 

druck in der GroBenordnung von 20 bar modu- 
liert wird, und einer SchluBphase (D) zum Auf- 
rechterhalten des Arbeitsdruckes, in der das 
Betatigungsglied durch das jeweilige Arbeits- 

35 folgeventil (15) versorgt wird und das jeweilige 

Einwegventil (21) die Verbindung zwischen 
dem Betatigungsglied und dem elektronisch 
gesteuerten proportionalen Druckreduzierventil 
(20) unterbricht. 

40 

2. Hydraulikkreis nach Anspruch 1, bei dem zu- 
mindest eine der Reibungskupplungen (3b) 
von jenem Typ ist, der normalerweise einge- 
kuppelt ist, wenn kein Druck an ihrem Betati- 

45 gungsglied (2) anliegt, dadurch gekennzeich- 

net, daB das Betatigungsglied (2) uber ein Ar- 
beitsfolgeventil (31) und ein Ein-Aus-Ventil 
(30), das die Verbindung zwischen dem Betati- 
gungsglied (2) und der zweiten Versorgungslei- 

50 tung (8) steuert, an die erste Versorgungslei- 

tung (7) angeschlossen ist. 

Revendlcatlons 

55 1. Circuit hydraulique permettant d'actionner des 
embrayages par passage de vitesse en charge 
pour des transmissions de tracteurs, dans le- 
. quel les embrayages ont des disques de fric- 



5 



9 



EP 0 479 737 B1 



10 



tion respectifs et des commandes hydrauliques 
respectives (2), connecteds a des moyens 
d'alimentation et d'edhappement par des uni- 
tes de vannes respectives (1 a a 3b) actionneds 
par des moyens de pilotage a commande 5 
6!ectronique pour enclencher et dedenclencher 
les embrayages en combinaison de maniere a 
modifier les rapports de transmission sans in- 
terrompre la transmission du couple de torsion, 
et dans lequel les unites de vannes compren- 10 
nent des vannes par tout ou rien (18) respecti- 
ves a commande £lectronique, des vannes s6- 
quentielles respectives (15) pilotees par les 
pressions des commandes respectives, et une 
vanne de detente proportionnelle (20) a com- 75 
mande e*lectronique pour alimenter I'embraya- 
ge a enclencher selon une sequence predeter- 
mined, caractedse en ce que les moyens d'ali- 
mentation et d'edhappement comprennent : 

- une seule pompe hydraulique (3) 20 
connected par une premiere conduite de 
dedharge (7) aux vannes par tout ou rien 

(18) via la vanne de detente proportion- 
nelle (20) et des vannes a une voie res- 
pectives (21), la pompe (3) etent connec- 25 
ted directement par une deuxieme 
conduite de dedharge (18) aux vannes 
sequentielles (15) qui sont pilotees par 
les pressions des commandes respecti- 
ves, et 30 

- une conduite d'edhappement (19) 
connected directement aux vannes par 
tout ou rien (18), 

et en ce que la sequence predetermined suivie 
par la vanne de detente proportionnelle (20) 35 
pour alimenter Tembrayage a enclencher pre*- 
sente une etape initiate (A) dans laquelle les 
disques de friction de Tembrayage sont appli- 
ques I'un sur I'autre rapidement par une pres- 
sion de I'ordre de 18 bars, suivie d'une pre- 40 
miere etape intermediate (B) dans laquelle ce 
mouvement conjoint est maintenu par une 
pression de Tordre de 3 bars, une deuxieme 
etape intermediate (C) dans laquelle la pres- 
sion est moduled entre 3 bars et une pression 45 
de travail de Tordre de 20 bars, et une etape 
finale (D) de maintien de la pression de travail, 
dans laquelle la commande est alimented par 
la vanne seduentielle respective (1 5) et la van- 
ne a une voie respective (21) interrompt la so 
communication entre la commande et la vanne 
de detente proportionnelle (20) a commande 
electronique. 

Circuit selon la revendication 1 , dans lequel au 55 
moins un des embrayages a friction (3b) est 
du type qui est normalement enclenche lors- 
qu'il n*y a pas de pression dans sa commande 



(2), caracteVise* en ce que la commande (2) est 
connected a la premiere conduite de dedharge 
(7) via une vanne sequentielle (31) et une 
vanne par tout ou rien (30) qui commande la 
communication entre la commande (2) et la 
deuxieme conduite de dedharge (8). 
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